Most of Rwandan banana cultivars are low-yielding and susceptible to pests and diseases. High yielding and pest/disease resistant varieties have been obtained in advanced breeding centers recently. Introduction, evaluation and adoption of such varieties by local producers may be one of the options to boost yields. The objective of this study was to evaluate the agronomic performance of FHIA hybrids in lowlands of Rwanda. Completely randomised design was used with 9 treatments (varieties) and 20 replicates. Data were recorded on plant growth and yield components, banana bunchy top virus and yellow Sigatoka incidence. All hybrids matured later than local cultivars except FHIA 18 which was the earliest maturing variety. FHIA 17 and FHIA 25 matured 1 and 3 month late compared to the average cycle of the 2 local checks. However, it was compensated by high bunch weight of 53.4 and 52.3 kg for FHIA 17 and FHIA 25, versus 26.9 and 19.5 kg for Poyo and Barabeshya, respectively. FHIA 17, FHIA 25 and FHIA 18 had the highest yield of 55.7, 52.6 and 46.5 t ha -1 per year, respectively. Considering their resistance to fusarium wilt and yellow Sigatoka and superior agronomic performance, they may be released for Rwandan lowlands after conducting palatability tests.
INTRODUCTION
Globally, banana and plantain (Musa spp.) are ranked the fourth most important food crop in the world after rice (Oryza sativa), maize (Zea mays) and wheat (Triticum spp.) . In sub-Saharan Africa, it is estimated that over 30 million people subsist on bananas as the principal source of dietary carbohydrate (Karamura et al., 1999) . Rwanda is placed among the countries with the highest consumption of banana in the world (197 kg per capita per year) and annual production of 2.25 million metric tons . Nearly, one quarter of country's arable land is allocated to this crop (Mpyisi et al., 2000) . However, banana yields are low (about 8 t ha -1 per year) (MINECOFIN, 2001 ), while production is compromised by pest and disease complex (Okech et al., 2002) .
Locally grown banana varieties are susceptible to fusarium wilt, nematodes and weevil borers (Gaidashova et al., 2004; . Productive varieties, which are resistant to pests and diseases, may be highly suitable for improving yields and increase productivity. Banana improvement research has made some advances in 1980s and early 1990s and banana breeders have released varieties originated from conventional breeding, somaclonal or field selection, which had desirable pest-or disease resistance traits (Hwang and Tang, 1996; Rowe and Rosales, 1996a; 1996b; Singh and Uma, 1996; Tomekpe et al., 1996; De Beer et al., 2004; de Oliveira e Sylva et al., 2004; Kumar et al., 2004) . FHIA hybrids originated from Honduras and are known for their superior yield characteristics, resistance to fusarium wilt and leaf spot diseases and desirable adaptability traits (Rowe and Rosales, 1996a; 1996b; Orjeda, 1999) . Some FHIA hybrids (AAAA, AAAB, AABB) were introduced and evaluated in many countries in Africa and world-wide in early and mid-1990s (Vigheri, 1997; Eckstein et al., 1998; Rwezaula et al., 1998; Hartman et al., 2000; Nowakunda et al., 2000) . However, such evaluation has not been conducted in Rwanda. The objective of this study was to evaluate the agronomic performance of the new introduced banana cultivars in lowland environment of Rwanda. (Rwesaula et al., 1998; Oreda, 1999; Nowakunda et al., 2000) , while Poyo and Barabeshya were local checks.
MATERIAL AND METHODS

An
A completely randomised design was used with 9 treatments consisting of varieties, where each variety was replicated 20 times (one replicate was a single plant) with spacing of 3 by 3 meters. Experimental field was located in plain having flat surface and uniform soil type (deep volcanic alluvial soil). This design was selected as recommended for banana field experiments by Orjeda (1998) .
Cow manure was applied at rate of 20 kg per hole at planting. This rate corresponds to the quantity of manure recommended by ISAR for banana plantation establishment (ISAR, 2002) . No mineral fertilisers were used in this trial. All plots were mulched with rice pad (about 5cm thickness) before the beginning of dry season (in June and January). Rice pad was available locally and used by Bugarama farmers as mulching material. Mulch thickness of 5 cm was reported to be efficient for soil moisture conservation (Van Asten et al., 2007) . Three plants were maintained within each banana mat.
De-suckering and weeding were done regularly each 1-3 months depending on necessity.
Data were recorded on plant growth and yield components, banana bunchy top virus disease (BBTV) and black Sigatoka incidence during two successive crop cycles. Plant height and girth at one meter level were recorded at flowering. Bunch weight, number of hands, number of fruits of the second hand and total fruit number were recorded at harvest. Date of flowering and harvest were recorded. Flowering time was recorded at emergence of the flag leaf and number of days from planting to flowering was counted. Maturation period was recorded as number of days from flowering to harvest. Harvest was done when the fruits' ridges were rounded. Average annual productivity was calculated from the following formula (De Beer, pers. comm.) Yield (t ha -1 per year) = Average bunch weight (tonnes) x Number of harvests/ year x Plant density ha -1 where the number of harvests per year is derived from the ratio: number of days in year/average period between two harvests (days). BBTV incidence was estimated as percentage of plants affected by the disease during two production cycles. Youngest leaf spotted was recorded at flowering to estimate yellow Sigatoka incidence.
Data were analysed using Genstat Release 4.3 software. One and two-way analyses of variance (ANOVA) were performed. Least significant difference (LSD) test was done for variables with significant difference of means.
RESULTS
Agronomic performance. Varieties showed highly significant differences (P<0.001) for all variables in agronomic performance (Table 1) . FHIA 18 was the first variety to reach flowering stage (255 days), followed by Poyo (291 day), Barabeshya (313 days) and FHIA 17 (331 day). SH 3436-9 and FHIA 23 were the latest to flower with 484 and 436 days, respectively.
Local check Barabeshya had the shortest fruit maturation time of 100 days only; at least one month earlier that the fruit maturation time of other varieties (Table 1) , respectively). They were twice more productive than Poyo and Barabeshya, both having bunch weight, close to that of FHIA 18 (Table 1) . SH 3436-9, FHIA 23 and FHIA 21 had lowest yields (20.2, 24.3 and 26.1 t ha -1 per year, respectively). These were lower than the yield of the two local checks.
Cycle affected all measured growth and yield parameters, except the number of days from flowering to maturity. A significant (P<0.001) increase in girth, height, bunch weight, number of hands and fruits was observed in second production cycle for some varieties (Table 2 ). An increase of 20% in bunch weight was recorded in the second production cycle. However, the varieties were not uniform in bunch weight increase in the second cycle. The varieties FHIA 17, FHIA 18, FHIA 25, Poyo and SH 3640 had a significant increase in bunch weight of 21.6, 14.9, 13.8, 11.2 and 10.6 kg per bunch, respectively. Barabeshya, SH 3436-9 and FHIA 23 had a bunch weight increase of about 1 kg in the second cycle.
VARIETY RESPONSE TO DISEASES
BBTV incidence. The incidence of BBTV in the trial was 10.5%. Out of 180 plants of the trial, 19 plants were affected by BBTV during two cycles, with 84.2% of the infection occurring in the first cycle. The proportion of affected plants per variety is presented in Table 3 . FHIA 21 and SH 3640 had the highest proportion of affected plants (25 and 20%, respectively). Poyo variety was not affected by the disease during the two cycles of the trial.
Yellow Sigatoka incidence. All varieties expressed highly significant (P<0.001) differences in their response to yellow Sigatoka (considering youngest leaf spotted records). FHIA 18, FHIA 25, FHIA 21, FHIA 17 and FHIA 23 had good leaf health with YLS of 14.3, 10.9, 10.2, 9.5 and 9.4, respectively. SH 3640 was less resistant with a YLS score of 7.5. Local checks, Poyo and Barabeshya, and SH 3436-9 were susceptible to yellow Sigatoka with YLS of 6.3, 5.6 and 4.6, respectively.
DISCUSSION
Some of the varieties performed better compared to the local checks, in terms of bunch weight and cycle duration. This resulted in higher productivity per unit of land and per year. The overall gain in annual yields was due to big bunches, as in case of the two varieties, FHIA 17 and FHIA 25, which had the highest productivity per unit of land and per year. FHIA 18, having bunch weight similar to that of Poyo, produced about 30% more per annum due to shorter time to flowering (255 days only) from planting to harvest) compared to Poyo which was harvested 33 and 68 days later in the first and second cycle, respectively (data not shown). FHIA 23 and SH 3436-9 had the lowest annual yields due to longer periods from planting to flowering (436 and 484 days, respectively), which makes them non-desirable for small holder banana production systems.
All varieties except Poyo were affected by the BBTV during the trial period. However, any conclusion about its resistance to BBTV seems to be premature. Some varieties (FHIA 21 and SH 36 40) were recorded to have higher incidence of BBTV than the others.
Most of the introduced varieties were resistant to black Sigatoka (with 8 th to 14 th youngest leaf spotted) compared to local checks (YLS = 5 to 6), except SH 3436-9 which was susceptible to the disease (YLS = 4 to 5).
High bunch weight, short maturation time and resistance to diseases were important cultivar selection criteria highlighted by the Rwandan banana farmers . In this regard, FHIA 17, FHIA 18 and FHIA 25, which are resistant to black Sigatoka and fusarium wilt (Orjeda, 1999) , may be suitable in small holder banana systems of Rwandan lowlands with strong growth characteristics, higher yields and slightly longer (FHIA 17 and FHIA 25 only) production cycle comparing to local farmers' varieties.
CONCLUSION
Compared with Poyo and Barabeshya, FHIA 17, FHIA 18 and FHIA 25 performed better. Further evaluation of these varieties should be conducted on farm, after what they could be released for large dissemination in Rwanda. So far no tolerant or resistant varieties to BBTV were identified. Further observations on their behavior versus BBTV should be continued. 
